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SUMMARY

An investigatioﬁ was conduc@ed in.the Léngleyll/S-scalé V/STOL model
tunnel on a”seﬁiépén delta wing with‘a.leading-édge swaeﬁ of T4, to determine
the Effectiveneaé of various locations of‘uﬁper surface and reflection plane
Blowiné on.leading-edge vortex Eurstingr Cons£ant area nozzles were located
Qn‘ﬁhe wiﬁg.upperAsurface ﬁlongra ray swept 790, which was beneath the leading-
éaéé:véftex bdfézg'6he:ﬂﬁ;s£ing‘aﬁd reforﬁéfi;n‘of theAléading—edge vofte#
was vieﬁed by injecting helium into thepyortéi core, and emp;oYing a Schlieren
system.

The resglts show that blowing-from the nozzles in the wing upper surface
loCated_generally on a path under the leading-edge #ortex, showed that as
th; disténce from‘the épex to the nozzle location increases the flow rate
feqﬁired'to maintain the leading—edgg vortex past the wing‘trailing edge,
;&t a given épgle of éttaCR,‘also-increases. As the distance<from the nozzle
location to the aPEXlincreaSes, the distance between the Jet and vortex edge
becomes greater, which iéadé'to the specﬁlation that the jet of air enhances
the vortex life by producing a more favorablelpressure gradient at the edge
of thE'vprtex.‘ SBince the Jjet of air is at a relatively large distance frqm
the edge of the vortex when the nozzles are located near the wing trailing
edge blowing from those nozzles produced no ﬁoficeablelefféct on the leadingJ
edge vortex bursting. ' | |

Blowing from the reflection plane p&rallei to the.wing ieadﬁng_edge with
the nozzle extended from the reflection plane.and 1ocated'élose§t to. the apex,
25 percent of the root chord from the apex; produced the highest‘aﬁgle of

attack with the least smount of mass flow rate without the leading~edge vortex

bursting at the wing trailing edge.



INTRODUCTION

Employing fuselage blowing (blcwiﬁg from the wing root) to enhance the
leading edge vortex of a highly swept delta wing has been shown to be effective
in increasing its maximum 1ift capability. Spanwise blowing_gnhances the
leading~edge vortex and delays its bursting, at the trailing edge-of the wing,
to a higher angle of attack (reference 1). Considering this, it becomes
desirable to examine the potential benefits for aircraft technology offered
by upper surface blowing along the leading-edge vortex axis rather than at the
wing root‘as a meansAof achieving high 1ift. As part of a research program on
spanwise blowing thg‘Langley Research benter recently condu;ted a qualitative
study to determine the effect of blowing location on the enhancement of leading-
edge vortex life, This study is being conducted with a sepispan delta wing
having & leading-edge sweep angle of Th° {aspect ratio 1.18), and‘ten different
nozzles location on the wing upperjsufface and the reflection plane. The
bursting and reformétion of the leading-edge vortex was viewed by injecting
helium into the vorfexlcore through the nozzlellocated.nearest the wing apex.
The vortex core could then be viewed by employing a Schlierén system, The tests
were conducted in the Langley 1/8 - scale V/STOL model tunnel at a dynamic

pressure of 1.56 1bs/ft° at angles of attack between 13° and 420,

SYMBOLS
b ' wing span
c root chord
L distance of nozzle from apex
q dynamic pressure, lbs/ft2



X semi~spéh wing-éré%,ﬂiéeri

angle of attack, deg. |

;anglé at wﬁiéhfleadingredge vortex 5u§sts at‘trailing edge,
deg. | |

leading-edge sweep anglé; deg.



MODEL DESCRIPTION

A drawing of the model studied is presented in figure 1. Figures 2(a) and
2(b) show the semi-span model mounted on the side wall of the tunnel. The wing
is an aspect ratio 1,18, semi-span delta wing (A = T4°) with six 1/b-inch con-
stant area nozzles placed flushwto the wing upper surface (see figure 1, sect-
ion A-A) along a ray, which was swept T9°. The location of the nozzles was
chosen such that the nozzles lie along the fath of the vortex. The path of the
vortex was determined from data presented in reference 2. The chordwise posi-
tions of the nozzles are given_in figure i. The blowing was directed along
this 79° swept ray on the wing upper surface. Accompanying these six nozzles
are two additional wing surface nozzles (located at L/c = 0.17 and 0.25) of the
same specifications with the exception that their direction of blowing is along
& ray which is swept %80. The sharp.leading edge and narrowness of the wing
in the apex reg;on prevented the plﬁcement bf these nozzles along the T79° ray.

In addition to blowing from nozzles located along the path of the vortex,
the present study included blowing from four nozzleé located in the model
reflection plane.-‘Tﬁo.of the nozzles were located at L/¢ = 0.25 and two at
L/e = 0.3h. All four nozzles were constant area, directed parallel to the
wing leading edge gnd located approximately 7/16 of an inch asbove the wing
upper surface. |

One nozzle at each of fhe iocations (L/C = .25 and .34) was mounted flush
with the reflection plane. These nozzles were 1/4-inch in diameter.
The second nozzle at each locations (L/c = .25 and .34) extended approximately
3/4 of an inch out of the.reflection plene {see figure 1 (b)) and had a 3/16-

inch diameter.



W o

The model was 11/32 inches thick, flat plate with a sharp leading and
trailing edge, and had & root chord-of 15 inches The ving ves mounted on e
c1rcular disk that was fltted into the reflectlon plane for smmpllfled angle-

of—ettack manlpulation

APPARATUS TEST

s ; '9F

The present investlgation was’ conducte 1n.the Langley l/8-scale V/STOL

i

model tunnel.: The bursting of the leadiné-edge vortex et the tralllng edge of
the wing was determined by observ1ng the vortex bursting bubble. ThlS burst-
ing bubble was v1ewed by means of a Schlieren system and the addition of helium
into the vortex core Helium was introduced 1nto the- vortex core by 1n3ect1ng
the helium into the flow field at the nozzle located at L/c 0. l? Since
helium is a low density gas, it migrated to the low pressure region of the
vortex core, thus enabling the core to be observed u31ng the Schlieren system.
The complete setup is shown 1n flgure 2(3) ‘

— ngh pressure air was also 1njected into the flow field at the locetions
shown 1n figure 1 (except the locetion at L/c = 0. lT through whlch hellum was
injected as. prev1ously steted) The mess flow retes of the hellum and air
were obtained by means of flow meterslshovn “in figure 2(a)

| Tests were made at a dynamic pressure of 1 56 lbs/ft2 at angles of attack
or approximately 13° to h2° The free-streem dynamic pressure was measured
using the static—pitot pressure tube shown in flgure 2(b) - The model tests
were conducted with boundary—layer transition free. The bIOckage and jet-
boundary corrections were believed to be negllglble and therefore were not

applied to the data.



DIBCUSSICN OF RESULTS

As mentioned earlier, the leading-edge vortex of the aspect ratio 1.18
delta wing ﬁas viewed by injecting helium into the vorfex core and viewing the
helium filled core with a Schlieren system. A sketch of the leading-edge vortex
and the leading-edge vortex bursting bubble as viewed is presented in figure 3.

A study was made to determine if an adequate helium blowing rate from a
flow visualization standpoint could be used without apprecisbly affecting the
vortex characteristics. The helium was injected into the vortex core through
the nozzle located nearest the delta wing apex (L/c = .17 station). Blowing
helium from that location had an effedt on the angle of attack at which the
leading-edge vortex burst (see figure 4). Vortex breskdown was delayed up t>
about 42° for the higher blowing rates. W%th a helium flow rate of 1.4 cfm,
the vortex became visible at appro#imatelyIIBO gngle of attack, and burst in
fhe vicinity of the trailing edge at an angle of attack of approximately 33.7°.
The experimental data of refefence 2 shows that the leading-edge vortex burst
in the vicinity of the wing trailing edge with no blovwing at an angle of attack
between 30° and 35°. From tﬁe déta of figure 4 it ié indicated that the lower
blowing rates do nqt appear to alter the vortex break down characteristics.

For this reason the lower value of helium flow rate {1.4 cfm) was selected to
provide flow visualization for the entire test program.

| Since the data was qualitative it was felt that three separate runs.at
each nozzle location would be required to édequately define the trends. Figure
5 presents the data obtained from the three separate runs for the nozzle loca-
tions L/c = 0.25, 0.3&, 0.45, 0.57. As can be seen, increasing the flow rate

increases the angle of attack that could be reached before the leading-edge



vortex burst at the trailing edgé. At the highest flow rates at each station
the high pressure Jet of air appeared to mix with the helium jet thus making
flow visualization impossible. Increasing the helium flow rate when the air

Jet flow rate was at the maxlmam amount shown ‘for each nozzle location in figure

l
F

> would have made flow v1suallzat10n possible, but since the helium did affect
_ the leadiné-edge vortex burstlng,,the flow rate was not inc¢reased and the test
) was terminated.

The data in figure 5(c) (blowing from L/c = .45) would seem to indicate
that increasing the blowing rate a small amount wauld'yield much higher
attainable éngles of atfack withouf leading-edge vortex bursting. The reasomn
for the different shaped.curve in figure 5{c) as compared to figures 5(a),
5(b) and 5(d) is not understood at this time. |

The leading-edge vortex bursting for blowing from the L/c = (.57 station
(see figure.5(d)) becomes very sensitive to angle of attack, flow rate, and
disturbdances in the tunnel floﬁ, fhus making repeatability véry difficult.

Blowiné from the‘locétion at L/e = 0.70, 0.80, and 0.91 produces no
vigible effect on the angle of attack at which the leading-edge vortex burst.

- Figure 6 shows the averaged data from the three runs of each nozzle
locaﬁion of which data were obtained. As the distance from the apex to the
nozzle location increases the flow rate required to maintain the leading-edge
vortex past the trailing edge of the wing at & given angle of attack also
increases; Inigeneral, the distance between the jet bf aif-coming from each
nezzle and the édge of the vértex becomes greater as the L/c incresmses. This

‘leads to speculation that the jet of air produces a favoreble pressure

‘gradient of the edge of the vortex (ref. 3). This also would explain why



blowing from the nozzles located at Lic = 0.70,‘0.80, 0.91 had no effect on
vortex reformation; the jet of air was at a greater distance from tﬁe vortex
edge then that required to reform it.

A study was also made on thé concept of blowing from the refleetion plane,
parallel to the leading.edge at the L/c stations of 0.25 and 0.3%. The results
are presented in figure 7. Since the data for the L/c = 0.25 station, nozzle
flush to the reflection plane, and nozzles at the L/c = 0.34 station were
repeatable, only one run was made for the extended nozzle of the Lie = 0.25
station. (See figure T(b).)} Figure 8 presents averaged data from runs at both
nozzle locations in the reflection plane. It is noted that the extended
nozzle in both locations produces a higher angle of attack with a lesser amount
of air flow than that for the flush nozzle configurations. It is believed
that this is because the nozzle extension places the jet closer to the vortex
.edge. The date in figure 9 indicates that less mass flow rate of air is
required from the nozzle located st L/c = 0.25, than for the nozzle located at
L/e = 0.34, to delay leading-edge vortex bursting at the same angle of attack.
Again the nozzle nearer the apex produces a more favorable curve.

Figure 10 presents a comparison between reflection plane blowing and

blowing from the wing surface beneath the vortex, core. It appears that the

[

nozzle located at the L/c ? 0.25 station in-the reflection plane, extended .
configuration, proves to be the most efficient location studied. It produced
& higher angle of attack (40°) with a lesser amount of air flow {(less than
2.5 efm) than any other location. At the L/e¢ = 0.34 station, upper surface

blowing is shown to be more effective than reflection plane blowing.



CONCLUSIONS

A study was conducted on a semispan 7&0 swept (aspect'ratio 1.18)} delta
w1ng to determine the effect of spanwise bIOW1ng on the enhancement of the
leading—edge‘vortex life. ) As a result of this qualltative study, aome of the
major conclu31ons that can be drawm are: | L

l; Blow1ng from the nozzles 1n the w1ng upper surfaCe located generally
on &- path under the leading-edge vortex, showed that as: the distance from the
apex to the nozzle location 1ncreases the flow rate requlred to maintain the
leading-edge vortex past the wlng trailing edge at a given=angle of attack

palso increases. As the dlstance frcm the nozzle location to the apex increases,
the distance between the Jet and vortex edge becomes greater, which leads to

the speculation that ‘the jet of.air enhances the vortex life by producing

"a more favorable pressure gradient at the edge of. the vortex.

"El Since the jet of air 1s at a relatlvely large distance‘from the.

. ad
- edge of the vortex when the nozzles are located near the wing trailing edge,

1

blowing frqp@thbse nczzles_produced no noticeable effect on the leading-edge

"'vortex,bursting. - | |

x;’ 3. Blowing from the reflection plane parallel to the wing leadlng edge

nwith the no?ale extended from the reflection plane and located closest to the
luapex, 25 percent of the root chord from the apex produced the highest angle

of attack with the least amount of mass flow rate without the 1eading—edge

vortex bursting at the wing’ trailing edge.
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(b) Extended nozzles on reflection plane.

Figure L= Continued.
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“igure 3,— Sketch of vortex and vortex bursting bubble as viewed by Schlieren,
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Figure 5 .- Amount of blowing needed to prevent bursting of leading-edge vortex at
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Figure 5 - Continued.
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Figure 5.- Continued,
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